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Objective: The aim of this review is to describe imaging techniques for evaluation of non-osteochondral
structures such as the synovium, menisci in the knee, labrum in the hip, ligaments and muscles and to
review the literature from recent clinical and epidemiological studies of OA.
Methods: This is a non-systematic narrative review of published literature on imaging of non-osteo-
chondral tissues in OA. PubMed and MEDLINE search for articles published up to 2014, using the key-
words osteoarthritis, synovitis, meniscus, labrum, ligaments, plica, muscles, magnetic resonance imaging
(MRI), ultrasound, computed tomography (CT), scintigraphy, and positron emission tomography (PET).
Results: Published literature showed imaging of non-osteochondral tissues in OA relies primarily on MRI
and ultrasound. The use of semiquantitative and quantitative imaging biomarkers of non-osteochondral
tissues in clinical and epidemiological OA studies is reported. We highlight studies that have compared
both imaging methodologies directly, and those that have established a relationship between imaging
biomarkers and clinical outcomes. We provide recommendations as to which imaging protocols should
be used to assess disease-speciﬁc changes regarding synovium, meniscus in the knee, labrum in the hip,
and ligaments, and highlight potential pitfalls in their usage.
Conclusion: MRI and ultrasound are currently the most useful imaging modalities for evaluation of non-
osteochondral tissues in OA. MRI evaluation of any tissue needs to be performed using appropriate MR
pulse sequences. Ultrasound may be particularly useful for evaluation of small joints of the hand. Nuclear
medicine and CT play a limited role in imaging of non-osteochondral tissues in OA.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Thanks to modern imaging techniques and our improved un-
derstanding of the osteoarthritis (OA) disease process, it is now
widely accepted that OA is a disease of the whole joint. The joint
includes the non-osteochondral tissues such as ﬁbrocartilage,
synovium, and ligaments, although deterioration of the articular
cartilage and osteophyte formation are still considered the hall-
mark features of OA. For decades, conventional radiography has
been the main imaging tool to evaluate OA1,2. However, radiog-
raphy cannot depict any of the aforementioned non-osteochondral
structures (i.e., ﬁbrocartilage, synovium and ligaments), which mayA. Guermazi, Department of
820 Harrison Avenue, FGH
; Fax: 1-617-638-6616.
ternational. Published by Elsevier Lbe sources of pain and functional limitations in OA3. With the
current wide availability of magnetic resonance imaging (MRI),
importance of tissues other than bone has been increasingly
recognized in OA research4,5. MRI is uniquely able to directly depict
all anatomic structures of the joint, and is particularly suited for
evaluation of non-osteochondral structures due to its inherent high
soft tissue contrast. MRI allows evaluation of the joint as a whole
organ and provides a more detailed picture of the changes associ-
ated with OA than is possible with any other imagingmodality6. For
MRI evaluation of OA features, one needs to be aware of the para-
mount importance of using the appropriate MR pulse sequences to
visualize each particular feature (Table I). Ultrasound can also be
used to assess synovium and meniscus affected in OA7. Other im-
aging modalities such as nuclear medicine and computed tomog-
raphy (CT) play a limited role in evaluation of non-osteochondral
tissues in OA studies8. This article reviews the role of MRI, ultra-
sound, CT and nuclear medicine imaging in the assessment of thetd. All rights reserved.
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labrum), ligaments and other non-osteochondral tissues including
muscles and synovial plica, focusing on the available literature
regarding imaging-based assessment of pathology of these tissues.
The role of these pathological features in predicting pain and
structural progression related to OA is also reviewed.Methods
A PubMed and MEDLINE search for articles published up to
September 2014 was performed, using the keywords “osteoar-
thritis” and “imaging”. This search strategy yielded 4274 abstracts.
Additional keywords, synovitis, meniscus, labrum, ligaments, plica
and muscles were then added to narrow the search, yielding 959
abstracts, which were screened for relevance. In particular, authors
focused on recently published articles written in English. Of those,
146 were included in the current review. Reference lists of all ar-
ticles cited in this review article were also assessed to complete the
literature search. Initial literature search was performed by AG and
DH, and screening for relevance was performed by all authors.
Evaluation was based upon the authors' own clinical and research
experience in the ﬁeld.Imaging of synovitis
Overview
Imaging of synovitis has been reported using MRI, ultrasound,
CT and nuclear medicine imaging in the literature. An advantage of
MRI over ultrasound is that it can visualize synovial changes located
deep within the large joints without being obscured by bony
structures. MRI assessment of synovitis in knee OA is well-
documented in the literature9. However, studies focusing on sy-
novitis in hand OA are limited and those on other joints such as
shoulder, ankle and spine are scarce9. Publications using CT and
nuclear medicine imaging for imaging of synovitis in any joints are
also limited9.MRI evaluation of synovitis
Prevalence of MRI-detected synovitis in knee OA
Data from Framingham OA Study showed the prevalence of
synovitis, detected by non-contrast-enhanced (CE)-MRI, to be as
high as 37% in 710 middle-aged and elderly persons without
radiographic knee OA10. Various studies report the frequency of
synovitis, detected using CE-MRI, to be high in persons with or at
risk of knee OA (50.9e89.2%)11e14.Table I
Suggested MRI sequences for optimum semiquantitative assessment of knee osteoarthri
Feature to be assessed Suggested sequences
Synovitis (knee) If CE-MRI is available:
Pre- and post-contrast T1-weighted fat saturated
If CE-MRI is not available:
Hoffa synovitis: T2, intermediate or PD-weighted fat
Effusion synovitis: T2, intermediate or PD-weighted
saturated or non-fat saturated
Synovitis (hand) Pre- and post-contrast T1-weighted fat saturated
Synovitis (hip) Pre- and post-contrast T1-weighted fat saturated
Meniscus (knee) T1, T2 or PD-weighted fat saturated
Labrum (hip) PD-weighted fat saturated
Pre- and post-contrast T1-weighted fat saturated
Ligaments (knee) Intermediate or PD-weighted fat saturated
Ligaments (hand) T1-weighted fat saturatedScoring methods for MRI evaluation of synovitis in knee OA
Several methods are available for semiquantitative or quanti-
tative assessment of synovitis in OA using non-CE and CE-
MRI11,15e23. MRI signs of synovitis are related to increased thick-
ness/volume, increased signal intensity after intravenous gadolin-
ium injection (“enhancement”), and increased water content, alone
or in combination24. The importance of deploying CE-MRI for
assessment of synovitis in OA has recently been recognized9.
However large epidemiological OA studies published thus far have
usually utilized non-CE-MRI for synovitis assessment. Semi-
quantitative whole-organ scoring systems of knee OA that involve
synovitis assessment as well as synovitis-speciﬁc scoring systems
are summarized in Table II.Non-CE-MRI evaluation of synovitis in knee OA
Using non-CE-MRI, synovitis can be assessed indirectly using a
surrogate marker, i.e., hyperintense signal changes within Hoffa's
fat pad on fat-suppressed (FS) proton density (PD)- or T2-weighted
fast spin-echo sequences25,26 (“Hoffa synovitis”19). Alternatively,
synovitis can be evaluated in combination with effusion on these
sequences but distinguishing inﬂamed synovium from joint ﬂuid
ﬁlling the joint cavity surrounded by synovium is not possible
because both usually demonstrate equivalent high signal in-
tensities16,19. Because of this, the phrase “effusion synovitis” has
recently been introduced in the literature19.Differentiation between effusion and synovitis in knee OA
Studies have shown that effusion and synovitis often coexist in
OA-affected joints13,25 but they seem to be two distinct entities. A
study has shown effusion volume is correlated with microscopic
synovial inﬂammation but not macroscopic inﬂammation27. A
recent CE-MRI-based study showed deﬁnite synovitis may be pre-
sent with or without effusion13. Also, in a cohort without radio-
graphic OA, baseline joint effusiondbut not synovitisdpredicted
development of tibiofemoral cartilage loss28. Thus, inﬂamed
synovium and effusion should probably be treated as two separate
entities.Considerations for imaging acquisition for non-CE-MRI evaluation of
synovitis in knee OA
With non-CE-MRI, suggested pulse sequences to evaluate re-
gions for Hoffa synovitis and effusion synovitis are T2-weighted,
intermediate-weighted or PD-weighted fat-saturated images19. T1-
weighted gradient echo type sequences are less suited for evalua-
tion of synovitis on non-CE-MRI. These sequences are prone to
chemical shift artifacts that hinder accurate assessment of synovial














Summary of semiquantitative MRI scoring system for evaluation of synovitis, meniscal, labral and ligamentous lesions in knee, hip and hand osteoarthritis
Evaluation Publication Acronym Joint Scores CE-MRI
Whole organ Peterfy (2004)16 WORMS Knee Effusion/synovitis: 0e3
Meniscal tear: 0e4
Cruciate and collateral ligaments: 0e1
No
Kornaat (2005)18 KOSS Knee Meniscal tear and extrusion: 0e3
Synovial thickening: 0e1
No
Hunter (2008)17 BLOKS Knee Synovitis: size of signal changes in Hoffa's
fat pad 0e3; ﬁve additional sites 0e1
Meniscal extrusion: 0e3
Meniscal status: evaluated 0e1 for: intrameniscal
signal, tears, maceration, meniscal cyst
Ligaments: 0e1
No
Hunter (2011)19 MOAKS Knee Effusion-synovitis, Hoffa synovitis: 0e3
Meniscal extrusion: 0e3
Meniscal status: evaluated 0e1 for: intrameniscal
signal, tears, maceration, meniscal cyst, hypertrophy
Ligaments: 0e1
No
Meredith (2009)22 e Knee Effusion and synovitis: 0e3 No
Roemer (2011)51 HOAMS Hip Labrum: 0e3
Labral hypertrophy: 0e1
Yes
Lambert (2011)52 HIMRIS Hip Combined synovitis and effusion: 0e2
Haugen (2011)48 OHOA-MRI Hand Synovitis: 0e3
Collateral ligament: 0e1
Yes
Haugen (2013)50 HOAMRIS Hand Synovitis 0e3 Yes
Synovitis only Rhodes (2005)20 e Knee Synovitis: 0e3 Yes
Pelletier (2008)31 e Knee Synovitis: 0e3 No
Baker (2010)11 e Knee Synovitis: 0e3 Yes
Guermazi (2011)23 e Knee Synovitis: 0e2 Yes
Wenham (2012)54 e Hand Synovitis: 0e2 No
Ligaments only Bergin (2002)131 e Knee Ligaments: 0e4 No
Stein (2011)127 e Knee Ligaments: 0e2 No
Crema (2011)128 e Knee Ligaments: 0e3 No
Meniscus only Berthiaume (2005)100 e Knee Meniscal tear: 0e3
Meniscal extrusion: 0e2
No
Abbreviations: KOSS ¼ Knee Osteoarthritis Scoring Systems; BLOKS ¼ Boston Leeds Osteoarthritis Knee Score; HOAMS ¼ Hip Osteoarthritis MRI Scoring system.
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fat29.
Non-CE-MRI evaluation of synovitis in knee OA and associations
with pain
There is conﬂicting evidence regarding association of pain with
the severity of synovitis as determined on non-CE-MRI26,30e35.
Possible reasons for such discrepancies may include the use of
different scoring methods for synovitis and pain, the use of
different pulse sequences in different studies, small sample size and
no adjustment for potential confounders in some studies, and the
limited speciﬁcity of signal alterations in Hoffa's fat pad for detec-
tion of synovitis36.
CE-MRI evaluation of synovitis in knee OA and associations with
pain
Although non-CE-MRI is still the most commonly used modality
to assess synovitis in OA clinical studies24,25,37,38, ﬁndings from CE-
MRI studies have demonstrated the limitations of non-CE-MRI for
evaluation of synovitis11e13,20,23,36,39e43. One clear advantage of CE-
MRI over non-CE-MRI is its ability to differentiate inﬂamed syno-
vium from joint effusion. Only synovium with inﬂammatory ac-
tivity will show enhancement, while effusion will remain
hypointense on T1-weighted sequences when imaged at the
appropriate time after contrast administration (Fig. 1). Two recent
studies reported that signal alterations in Hoffa's fat pad seen on
non-CE sequences were a sensitive (71e97%) but not a speciﬁc
(10e55%) sign of peripatellar synovitis, compared with CE se-
quences14,36. A histological correlation study compared threescoring systems for evaluating synovitis and joint effusion on MRI
found that only the scoring from CE images correlated with
microscopically proven synovitis43.
Rhodes et al.20 demonstrated that semiquantitative scoring of
OA synovitis using CE T1-weighted images correlated well with
quantitative synovial volume assessments. This scoring method
was subsequently modiﬁed and was used in another study which
demonstrated that synovitis in the peripatellar region has a strong
relation with knee pain severity11. In these studies, however, eval-
uation was limited to synovitis of the peripatellar region. To enable
evaluation of whole-knee synovitis, a new scoring system was
published by Guermazi et al. based on a CE T1-weighted sequence
to assess synovitis at 11 sites in subjects with knee OA23. Synovitis is
graded from 0 to 2 at each of 11 locations in the knee joint: medial
and lateral parapatellar recess; suprapatellar, infrapatellar, inter-
condylar, medial and lateral perimeniscus; and adjacent to poste-
rior and anterior cruciate ligaments (PCL and ACL), loose bodies and
Baker's cysts. This scoring system showed good to excellent inter-
reader and intra-reader reliability. Additionally, moderate to se-
vere synovitis showed a signiﬁcant association with the maximum
Western Ontario and McMaster Osteoarthritis Index (WOMAC)
pain score compared to knees with no or equivocal synovitis. Using
this scoring method, a recent study reported that synovitis was
strongly associated with tibiofemoral radiographic OA and wide-
spread MRI-detected cartilage damage12. Another study by Roemer
et al. demonstrated an association betweenmeniscal damage of the
posterior horns and localized posterior synovitis44. Moreover, sy-
novitis severity evaluated using this scoring method was validated
by arthroscopic and synovial biopsy ﬁndings in knee OA patients45
Fig. 1. Synovitis assessed on non-enhanced and contrast-enhanced sequences. (A)
Axial PD-weighted fat-suppressed MRI shows severe patellofemoral OA of the knee
with cartilage loss, subchondral bone marrow alterations and diffuse hyperintensity in
the joint cavity representing a composite of joint effusion and synovial thickening. (B)
Axial CE T1-weighted fat-suppressed MRI of the same knee clearly shows that most of
this represents synovial thickening (arrowheads). There is only a little joint ﬂuid seen
in the left peripatellar recess (arrow), which is visualized as linear hypointensity.
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There is a lack of longitudinal studies using CE-MRI to evaluate
changes in synovitis severity before and after treatment. So far, only
one study has been published, which is a randomized controlled
study using CE-MRI to monitor the efﬁcacy of a bradykinin receptor
2 antagonist in painful knee OA40. Despite signiﬁcant improvement
in the visual analogue scale (VAS) pain score after therapy, there
was no signiﬁcant change in the severity of synovitis as detected on
CE-MRI in 36 subjects. Moreover, a paucity of histopathologic cor-
relation studies is noted. Such studies are needed to establish a
better cutoff between normal and pathologic enhancement, since
discrete enhancement of synovial tissue may be physiologic46,47. Todate, only three such studies have been published39,42,43. Moreover,
there is a lack of longitudinal studies using CE-MRI to assess sy-
novitis in knee OA and its relationship with progression of struc-
tural damage, such as progression of joint space narrowing or
progression of cartilage loss. This important question, whether
synovitis in knee OA predicts progression of structural disease, is of
the utmost importance since the synovium would be a potential
target in clinical practice and clinical research.
Scoring methods for MRI evaluation of synovitis in hand OA
Synovitis in hand OA can be semiquantitatively assessed using
an MRI scoring system for hand osteoarthritis, called the Oslo Hand
Osteoarthritis MRI Score (OHOA-MRI)48. Pathological features are
assessed at eight locations (distal and proximal interphalangeal
joints of the second, third, fourth and ﬁfth ﬁngers) of the dominant
hand. This study demonstrated reliable assessment of synovitis in
hand OA is possible. Using this system, one study showed that MRI-
assessed moderate/severe synovitis was associated with joint
tenderness49. These studies demonstrated that synovitis of hand
OA may be a target for therapeutic interventions. Using the OHOA-
MRI as a template, the Outcome Measures in Rheumatology
(OMERACT) Hand Osteoarthritis Magnetic Resonance Imaging
Scoring System (HOAMRIS) was iteratively developed. Modiﬁca-
tions to the original OHOA-MRI included exclusion of ﬂexor teno-
synovitis and collateral ligament scoring, as well as combining the
scoring of distal and proximal parts of distal interphalangeal joint
(DIP) and proximal interphalangeal joint (PIP) joints and half-grade
scoring for some of the features. The HOAMRIS includes semi-
quantitative assessment of synovitis in the interphalangeal joints
and was shown to be a reliable tool50. However, longitudinal
studies are needed to assess both semiquantitative methods for
their sensitivity to detect change in synovitis over time.
Scoring methods for MRI evaluation of synovitis in hip OA
To date, two semiquantitative scoring systems are available for
MRI evaluation of synovitis in hip OA. One is the Hip OA MRI Score
(HOAMS), in which synovitis is one of 14 features of hip OA, and CE
T1-weighted sequences are used whenever available51. Synovitis is
graded 0e2 at four locations (anterior/posterior/lateral/medial
femoral headeneck junction). If CE-MRI is not available, non-CE-
MRI can be used to evaluate joint effusion (which is in fact a
combination of effusion and synovitis, i.e., “effusion synovitis”) as
an indirect marker of synovitis. The other is the Hip Inﬂammation
MRI Scoring System (HIMRISS), in which synovitis is graded 0e2 in
combination with effusion, once in 15 slices, giving a maximum
score of 30 per hip52. Recently performed validation exercises
demonstrated that these two scoring systems are feasible and
reliable for the purpose of synovitis assessment in hip OA53,
although these scoring systems have not yet been applied in
observational studies or clinical trials and require further
validation.
Association of pain with MRI-detected synovitis in hand and hip OA
One randomized, double-blind, placebo-controlled trial of low-
dose oral prednisolone for treating painful hand OA used 0.2 T MRI
for semiquantitative assessment of synovitis/effusion using short
tau inversion recovery (STIR) sequence54. They showed a high
prevalence of MRI-detected synovitis/effusion in painful hand OA,
but little change was observed in the severity of synovitis/effusion
between baseline and follow-up in both treatment and placebo
groups. However, short-term low-dose oral prednisolone was
found not to be an effective analgesic treatment for hand OA. A
trend of an increased risk of pain with increasing severity of MRI-
detected synovitis in hip OA was shown, albeit statistically non-
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quantitative assessment of synovitis.Advantages of dynamic CE-MRI over static CE-MRI
There are few studies using dynamic CE-MRI, in which early
enhancement (i.e., initial distribution of gadolinium) accurately
reﬂects the inﬂammatory activity of the joint24,55,56. With static CE-
MRI, the extent of “synovial enhancement” may be misinterpreted
if the assessment is performed on images acquired at a late phase,
because the signal intensity of joint effusions also increases with
time, starting in the periphery and gradually approaching the
central parts, as gadolinium passes into the joint space by diffusion
of ﬂuid from synovial capillaries27. Thus, dynamic CE-MRI seems to
be a useful tool for assessing synovitis in rheumatoid arthritis (RA)
patients24. One study showed that dynamic CE-MRI with derived
pharmacokinetic parameters can provide useful information in
differentiating synovitis in hand OA from that in RA57. Thus, there
might also be added clinical value in using dynamic CE T1-weighted
MRI assessment of synovitis in OA.
Two recent studies40,41 used dynamic CE-MRI and directly
compared ultrasound and MRI (with or without contrast) for
detection of synovitis in painful knee OA. Although they found that
CE-ultrasound was more sensitive than CE-MRI for detecting sy-
novitis in painful knee OA, the work was done with a 0.2 T magnet.
Unfortunately, direct comparison with other studies using 1.5 T or
3 T magnets is difﬁcult since there is no published evidence
regarding the equivalence of diagnostic performance between 0.2 T
and 1.5 T/3 T magnets for synovitis assessment using dynamic CE-
MRI. One dynamic CE-MRI-based study that used a 3 T magnet
found that quantitative synovial volume strongly correlated with
total volume of bone marrow lesions in knee OA patients21.Ultrasound evaluation of synovitis
Advantages and disadvantages
Thanks largely to recent technological advance, ultrasound is
increasingly used for imaging of OA patients. Advantages include
the multiplanar nature of the modality, high-resolution imaging,
and dynamic imaging in real time58. Its usefulness as a guidance
tool for interventional procedures has been demonstrated59e61. It is
also cost efﬁcient and does not require contrast agents to visualize
synovium6. Major limitations include its relatively limited
anatomical ﬁeld-of-view compared to MRI and its highly operator-
dependent nature, as well as potential difﬁculty in reproducibility
and scoring of synovitis, especially in terms of tracking the same
location within the synovium58.
With current generation ultrasound technology, one can detect
synovial pathologies including hypertrophy, increased vascularity
and the presence of synovial ﬂuid in joints affected by arthritis6,62.
It has been demonstrated that ultrasound detects synovial pa-
thology more readily than clinical examination63,64 and has been
validated against the ﬁndings based on MRI, arthroscopy and his-
topathology64e68. Moreover, ultrasound can detect synovitis in
joints which are thought to be clinically quiescent62. In addition to
morphologic changes, Doppler techniques enable evaluation of
synovial vascularity, a surrogate of inﬂammatory activity65,66. A
recent study demonstrated that ultrasound-detected synovial
thickening and power Doppler signals were more frequently found
in erosive hand OA compared to non-erosive hand OA69. It should
be noted that, while color Doppler ultrasound is a useful technique
for the detection of synovitis, it cannot differentiate between sy-
novitis in OA and other arthritides based on the ﬁndings of color
Doppler signals alone70.Scoring methods for ultrasound evaluation of synovitis in hand OA
Numerous reports on the validity of ultrasound in inﬂammatory
arthritis are available71,72. Recently, a preliminary ultrasound-based
scoring system for features of hand OA was published73. This
scoring system included evaluation of grey-scale synovitis and
power Doppler signal in 15 joints of the hand. These features were
assessed for their presence/absence and if present were scored
semiquantitatively using 1e3 scale. Overall, the reliability exercise
demonstrated moderately good intra- and inter-reader reliability
without extensive standardization. This study has demonstrated
that an ultrasound-based outcome measure suitable for multi-
center trials is feasible and likely to be reliable, and has provided a
foundation for further development73. Currently, a clinical trial to
determine effectiveness of hydroxychloroquine in reducing symp-
toms and providing long-term structural beneﬁt in hand OA pa-
tients is in progress74. A substudy of this trial will address whether
baseline synovitis is a predictor of therapeutic response.Ultrasound evaluation of synovitis in hand OA and association with
pain
A recent study with 55 hand OA patients evaluated the associ-
ation of ultrasound-detected features including synovial thickening
and power Doppler signal with symptoms, and found that these
features were associated with pain on palpation of the affected
joints75. In contrast, a study involving 36 subjects showed that a
reduction in symptoms following intra-muscular corticosteroid
injection was not associated with a statistically signiﬁcant reduc-
tion in grey-scale synovitis or power Doppler signal76. There was,
however, little synovitis in the patients with hand OA in this study
and it may have been insufﬁcient to show detectable change.
Likewise, in a small study involving 16 subjects, there was a
decrease in VAS score for pain 24 weeks after intra-articular high
molecular weight hyaluronic acid treatment, and yet there was no
signiﬁcant decrease in the synovial hypertrophy score or power
Doppler signal during the same follow-up period61. The small
sample size also limits the statistical power of this study.Ultrasound evaluation of synovitis in knee OA and association with
pain
Evaluation of synovitis in knee OA using ultrasound has also
been documented63,70,77e80. A cross-sectional, multicenter Euro-
pean study supported by the European League against Rheumatism
(EULAR)63 analyzed 600 patients with painful knee OA, and found
that ultrasound-detected synovitis was correlated with advanced
radiographic OA and clinical signs and symptoms suggestive of an
inﬂammatory “ﬂare”. A longitudinal study based on the same
cohort showed ultrasound-detected synovitis was not a predictor
of subsequent joint replacement77. Additionally, ultrasound signs of
synovitis were found to be reﬂected metabolically by markers of
joint tissue metabolism79. In a study involving 56 knee OA patients,
medial compartment synovitis detected by grey-scale ultrasound
was positively linearly associated with VAS scores on motion, as
well as VAS scores at rest, WOMAC pain subscale, and the presence
of medial knee pain80.
An attempt was recently made to utilize a novel technique of
digital synovial vascularization quantiﬁcation by using ultrasound
with CE41 for detection of synovitis in 41 patients with knee OA. CE-
ultrasound showed higher sensitivity (95%) for synovitis detection
than CE-MRI (82%), power Doppler ultrasound (64%) or grey-scale
ultrasound (58%). It is a little surprising that ultrasound shows
higher sensitivity than the CE-MRI used as the reference standard.
Without histological proof, these results should be viewed with
some skepticism.
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pain
There is mixed evidence regarding the association between the
severity of OA-related symptoms and ultrasound-detected synovial
hypertrophy. Recently, a study of synovitis in 40 patients with hip
OA demonstrated a statistically signiﬁcant reduction of synovial
hypertrophy together with reduced pain on walking (measured by
VAS) following intra-articular corticosteroid injection59.
Nuclear medicine imaging of synovitis in OA
Scintigraphy
Scintigraphic techniques to visualize synovitis target cells such
as macrophages or lymphocytes which are involved in the in-
ﬂammatory process of the synovium, as the intravenously injected
radiopharmaceuticals bind to the activated macrophages81. Scin-
tigraphy with 99mTechnetium (Tc)-labelled J001 detected synovitis
in experimental OA in a rodent model81. However, scintigraphic
studies to evaluate synovitis in OA patients have been limited to
date. One study showed positive localization of 99mTc-hexamethyl-
propyleneamine-oxime-labelled white blood cells82 in the syno-
vium, suggesting that low-grade synovitis was occurring in some
OA patients. Another study showed that 99mTc-labelled polyclonal
human immunoglobulin G (IgG), compared to 99mTc-labelled
hydroxymethylene-diphosphonate, was more speciﬁc when
detecting synovitis in RA and OA patients83. In this study, 99mTc-IgG
scintigraphy demonstrated higher disease activity in RA than in OA
patients.
Positron emission tomography (PET)
PET uses 18F-ﬂuoro-2-deoxy-D-glucose (FDG) and demonstrates
metabolic changes in target tissues and can detect foci of inﬂam-
mation. One study evaluated shoulder OA using FDG-PET84. In this
study, the FDG uptake in the shoulder joint showed a circumfer-
ential and diffuse pattern in patients with clinically diagnosed
shoulder OA. A recent pilot study in knees withmedial OA showed a
periarticular pattern of increased FDG uptake85. The standard up-
take values in OA patients were signiﬁcantly higher than those in
healthy controls. Another study compared FDG uptake in the hand
and wrist of patients with OA86. FDG uptake was observed in a few
OA joints. These ﬁndings were thought to reﬂect the presence of
synovitis in OA-affected joints.
Limitations of nuclear medicine imaging techniques
Limitations of scintigraphy and PET include poor anatomical
resolution and radiation exposure. Because of the wide availability
of ultrasound and MRI, scintigraphy has little current clinical
application in routine practice. However, to overcome the poor
anatomical resolution of PET, an attempt has been made to register
PET images with MRI which offer high anatomical resolution87.
Additional drawbacks of PET are its limited availability and high
costs. PET permits molecular imaging and may have potential for
studying OA synovitis because of both the high resolution of
commercially available scanners and the possibility of new PET
tracers that speciﬁcally target molecular pathways associated with
synovitis in OA86,88. At this time, however, the value of PET for the
assessment of OA in clinical and research settings remains to be
shown.
CT imaging of synovitis in OA
CT without contrast enhancement (CE) is unsuitable for syno-
vitis evaluation because of low soft tissue contrast. The role of CE-
CT has not been well studied for assessment of synovitis in OA.
However, a recent study showed that CE-CT with digital bonemasking could be used to demonstrate synovial enhancement in RA
patients89. Moderate to high agreement between CE-CT and CE-
MRI ﬁndings for synovitis and tenosynovitis was demonstrated.
Due to a much shorter examination time (average 3.5 min)
compared to CE-MRI (average 55 min), all participants preferred
CE-CT to CE-MRI. Additional advantages of CT are its wide-spread
availability and cost-efﬁciency compared to MRI. Evaluation of
CE-CT in OA patients may be a worthwhile exercise when access to
MRI facilities is limited, or whenMRI is contraindicated, but further
evaluation is needed to determine its potential role in research or
clinical practice.
Summary of imaging of synovitis in OA
At present, CE-MRI and ultrasound appear to be the two most
useful imaging modalities for evaluation of synovitis in OA. Recent
studies have shown a potential for ultrasound to become a
powerful tool for synovial assessment in OA of the hand and the
knee, including monitoring of disease progression and therapeutic
effects, such as assessment of response to corticosteroid and
hydroxychloroquine. An important question that remains to be
determined is whether ultrasound-detected synovitis in OA pre-
dicts those who respond to corticosteroid or hydroxychloroquine
therapies. Data from ongoing clinical studies are awaited. Non-CE-
MRI is currently the most common technique to evaluate synovitis
in knee OA clinical studies. It may still be used where CE-MRI is
unavailable or contraindicated, but one should note that the choice
of pulse sequences needs to be appropriate for a meaningful
interpretation of results. Although there is conﬂicting evidence,
recent studies suggest synovitis may be a source of pain in OA. CE-
MRI-detected synovitis seems to correlate with histology and is
more sensitive and more speciﬁc than non-CE-MRI. Overall, studies
based on CE-MRI showed associations of synovitis with pain more
consistently than those based on non-CE-MRI. While pitfalls do
exist for CE-MRI (e.g., discrete enhancement of synovial tissue from
CE-MRI can be physiologic and it is unknown if CE-MRI-assessed
synovitis can predict the disease progression of OA), CE-MRI would
be recommended for comprehensive assessment of synovitis in OA
whenever synovitis is the focus of interest as a surrogate outcome
measure or as a predictor of subsequent clinical or structural
changes.
Imaging of meniscal pathology in the knee
Overview
Although meniscal tears can occur in persons with or without
radiographic knee OA10,90, meniscal pathologies are strongly linked
to the knee OA disease process (Fig. 2), since structural changes (i.e.,
meniscal tear, maceration, or extrusion) can lead to a loss of the
normal function of buffering the mechanical load at the tibiofe-
moral joint91. Loss of meniscal function is strongly associated with
increased risk of development of radiographic OA92e94. The loss
may be the result of the meniscal tear or meniscal root tear,
meniscal extrusion and/or potential ensuing surgical resection of
meniscal tissue (partial or total meniscectomy), and severe medial
meniscal tears and medial meniscal extrusion at baseline are long-
term predictors of total knee arthroplasty95. Imaging of meniscal
pathology in OA ismainly done usingMRI, but the use of ultrasound
has also been reported.
Prevalence of meniscal pathology in knee OA
The prevalence of meniscal tears in the knees of middle-aged or
elderly persons ranges from about 19% to 56% and increases with
Fig. 2. Meniscal damage preceding cartilage loss. (A) Baseline sagittal intermediate-weighted fat-suppressed MRI shows a horizontal oblique degenerative meniscal tear of the
medial-posterior horn (arrows). (B) Twelve months later, focal cartilage damage is seen at the central part of the medial femur directly adjacent to the meniscal lesion (arrowhead).
(C) At 24-month follow-up increasing cartilage loss is observed locally, directly adjacent to the meniscus. This example illustrates how the meniscal function is paramount for
physiological load transmission and protection of the articular surface integrity.
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of a tear, the prevalence is even higher, particularly in elderly
women90. A Korean population-based study reported the frequency
of meniscal damage in elderly persons to be 49.7% inmen and 71.2%
in women96.MRI evaluation of meniscal pathology in knee OA
Technical considerations
To achieve imaging of the menisci and its pathologies with high
spatial resolution and a high signal-to-noise ratio, the use of a
dedicated knee coil is essential. To visualize menisci and detect
pathology, slice thickness should be no more than 3 mm, and both
sagittal and coronal images are required97. Also, axial MRI had
demonstrated usefulness in the detection and characterization of
meniscal pathology98. T1, T2 and PD-weighted fat-saturated fast or
turbo spin-echo sequences are useful for diagnosis of meniscal
pathology14. The sensitivity and speciﬁcity of detecting a meniscal
tear byMRI are reported to range 82e96%, and the utilization of the
“two-slice touch” rule, in routine bi-dimensional techniques, i.e.,
requiring the tear to be seen on at least two adjacent slices, yields
high speciﬁcity99. Available whole-organ semiquantitative scoring
systems of the knee joint include scoring for meniscal patho-
logy16e19,22. A grading scheme dedicated to meniscal tear and
extrusion alone has also been published100.Meniscal tear
Using the data from the Multicenter Osteoarthritis Study
(MOST) study, Englund et al. demonstrated that knee trauma, varus
malalignment, and bony enlargement of ﬁnger joints were risk
factors for development of MRI-detected medial meniscal pathol-
ogy in knees with normal medial meniscus at baseline101. Degen-
erative tears are by far the most typical tears90, and this fact has
important treatment implications. The Meniscal Tear in Osteoar-
thritis Research (MeTeOR) trial is a multicenter, randomized,
controlled trial involving symptomatic patients 45 years of age or
older with an MRI-detected meniscal tear and evidence of mild-to-
moderate OA102. Investigators randomly assigned 351 patients to
surgery and postoperative physical therapy or to a standardized
physical-therapy regimen (with the option to cross over to surgery
at the discretion of the patient and surgeon). In the intention-to-
treat analysis, no signiﬁcant differences were found between the
study groups in functional improvement 6 months after randomi-
zation. In a more recent Finnish trial, using a placebo-controlled
design, of symptomatic patients with MRI-veriﬁed degenerative
meniscal tear and no radiographic OA, the authors found that
outcomes after arthroscopic partial meniscectomy were no better
than those after a sham surgical procedure103. These two high
quality trials together with prior evidence from other randomized
controlled trials of arthroscopy in OA104,105 strongly highlight that
arthroscopic surgery should be avoided in patients in these cate-
gories. Symptoms are more likely to be caused by other features or
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marrow lesions or synovitis rather than the damaged meniscal
tissue itself106,107. Authors of a cross-sectional study involving 294
subjects reported the presence of meniscal tear was associatedwith
higher age, body mass index, female gender, and family history of
OA108.
Meniscal extrusion
Meniscal position is also of great importance in imaging of soft
tissue. UsingMRI, Crema et al. found thatmedial meniscal extrusion
is associated with medial meniscal tears, medial cartilage damage,
and varus alignment; and that lateral meniscal extrusion is asso-
ciated with lateral meniscal tears, lateral cartilage damage and
valgus alignment109. In a study by Stehling et al., subjects with
degenerative knee abnormalities showed signiﬁcantly increased
meniscal extrusion compared to normal subjects when the knee
was subjected to an axial mechanical load110. In a 2-year longitu-
dinal study the authors found meniscal extrusion at baseline to be
associated with greater loss of knee cartilage over 2 years111. This
study further suggested that increasing body mass index and bone
size, past knee injury, and osteophytes might be causally related to
meniscal extrusion, and that meniscal extrusion might represent
one pathway between bone expansion and cartilage loss.
Meniscal root tear
Tears of themeniscal roots should be treated as a separate entity
from tears of the menisci themselves since they can lead to sub-
stantial meniscal extrusion if the meniscus loses the ligaments that
anchor it to the tibial plateau. Guermazi et al. demonstrated that
isolated medial-posterior meniscal root tears (i.e., no tears in the
body or anterior/posterior horns of the medial meniscus) are
associated with incident and progressive medial tibiofemoral
cartilage loss112 (Fig. 3).Fig. 3. Meniscal instability as a cause of incident OA. The upper row shows coronal interm
sponding sagittal intermediate-weighted fat-suppressed MRIs of the medial compartment. T
month follow-up images) shows an incident root tear of the medial-posterior horn (small ar
the meniscus (thick arrows). The upper right image (24-month follow-up) shows widen
(arrowhead). The corresponding sagittal image shows perimeniscal cartilage thinning. RadiQuantitative techniques
In addition to semiquantitative scoring of menisci using the
conventional MRI sequences described above, some publications
have reported the use of different quantitative techniques as well as
molecular imaging and experimental MRI sequences. A 3D menis-
cal segmentation technique provides quantitative measures of
meniscal size and position and other parameters. One study
showed that painful knees had decreased meniscal coverage of the
tibial plateau and greater extrusion of the meniscal body when
compared to knees without pain, in a subcohort from the Osteo-
arthritis Initiative113. A more recent study compared knees with
medial compartment OA to knees without OA and found changes in
meniscal position and shape in both compartments in the OA knees
but not in the knees without OA114.
Evaluation of physiologic changes of the meniscus
Using the delayed gadolinium-enhanced MRI (dGEMRIC) tech-
nique to assess the meniscal substance in OA knees and control
non-OA knees of younger subjects, signiﬁcant differences were
found between those groups for both ionic and non-ionic contrast
agents115. These results suggest that the difference in the distri-
bution of meniscal T1 values between OA patients and normal
subjects was not determined by the distribution of charged parti-
cles, but might be related to changes in wash-in and wash-out ki-
netics. Further, another study using dGEMRIC of menisci in a group
of 21 asymptomatic subjects and nine patients with self-reported
OA, showed that T1 values of the posterior horn of the medial
meniscus correlated with those from the medial tibiofemoral
articular cartilage116. T1rho values have been shown to be higher in
speciﬁc subregions of the meniscus and tibiofemoral cartilage,
suggesting that regional damage of both tibiofemoral hyaline
cartilage and menisci may be associated with OA117. An ultrashort
echo time-enhanced (UTE) T2* mapping technique has beenediate-weighted non-fat-suppressed MRIs over 2 years; the lower row shows corre-
he left column depicts normal meniscal and cartilage integrity. The middle column (12-
row). The corresponding sagittal image shows superﬁcial cartilage thinning adjacent to
ing of the meniscal tear (small arrow) and increasing medial meniscal subluxation
ographic OA was diagnosed at month 24.
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subjects at risk of developing OA118. In this cadaveric and human
study, signiﬁcant elevations of UTE-T2* values were observed in the
menisci of subjects with ACL injury but without clinical evidence of
subsurface meniscal abnormality. UTE-T2* mapping may be a
sensitive tool for detecting subclinical meniscal degeneration, but it
remains to be seen whether altered intrameniscal biochemical
values can actually predict progression to meniscal degeneration
and tearing or the development of OA.
Ultrasound evaluation of meniscal pathology in OA
A study by Kawaguchi et al. using ultrasound to look at medial
radial displacement of the meniscus in the supine and weight-
bearing positions showed that the medial meniscus was signiﬁ-
cantly displaced radially by weight-bearing in control knees and in
knees with Kellgren Lawrence grades 1e3119. Signiﬁcant differences
were noted between control knees and Kellgren Lawrence grade 2
or greater knees in the supine and standing positions, and
displacement had increased in all weight-bearing knees at 1-year
follow-up, except Kellgren Lawrence grade 4 knees. Another study
also showed that ultrasound-detected medial radial displacement
of the medial meniscus was more frequently seen in knees with
radiographic OA compared to those without radiographic OA120. A
study by Mermerci et al. found ultrasound-detected protrusion of
the anterior horn of the medial meniscus associated with medial
collateral ligament displacement in knee OA patients with knee
pain, but not in those without knee pain121.
Two studies examined the inter-observer reliability of ultra-
sound examination for evaluation of knee OA. Inter-observer reli-
ability was excellent between senior and junior sonographers
(kappa 0.77) but it was only fair between senior and beginning
sonographers (kappa 0.31)122. The inter-observer agreement be-
tween two experienced rheumatologists was found to be moderate
for ultrasound assessment of medial meniscal protrusion (kappa
0.54)123.
Its use with dynamic and weight-bearing conditions is one of
the inherent strengths of ultrasound. Acebes et al. used a dynamic
ultrasound technique, and demonstrated that medial meniscal
subluxation occurred more frequently in symptomatic OA knees
than in controls in the unipodal weight-bearing position both
before and after walking 50 m124. In both OA and control knees, an
increase in medial meniscal subluxation was observed in the uni-
podal weight-bearing positions compared with the supine neutral
position, but this increase was greater in OA knees than in controls.
Summary of imaging of meniscal pathology in OA
Currently MRI is the most commonly utilized modality for im-
aging evaluation of meniscal pathology. The rapid development of
advanced MR imaging protocols and image processing techniques
for research purposes opens up promising possibilities of future
studies of early-stage pre-morphologic changes of meniscal matrix
that may predict and better understand the causal chain of events
in the onset and progression of the knee OA. Ultrasound enables
imaging in dynamic and weight-bearing conditions and may be a
useful adjunct to MRI.
Imaging of ligamentous pathology in OA
Prevalence of ligamentous pathology in knee OA and association
with pain
A population-based epidemiological study (Framingham OA
Study) demonstrated that the prevalence of MRI-detectedligamentous damages, deﬁned as torn ACL and PCL and medial and
lateral collateral ligaments (MCL and LCL), was 9% in knees with a
normal radiographic appearance (Kellgren and Lawrence grade 0)
regardless of the presence of knee pain10. Another population-
based study (Hallym Aging Study) showed that MRI-detected cru-
ciate ligament damage was present in 8% of elderly men and 27% of
elderly women, and that the presence of cruciate ligament tears
was associated with knee pain in subjects with or without radio-
graphic OA125.
Ligamentous pathology in knee OA and association with structural
changes
OAI investigators determined that knees with OA and ACL tears
had a smaller femoral notch width index (notch width/condylar
width at 2/3 of the notch depth) compared to knees without ACL
tears126.They also reported that in knees with ACL tears, MRI-
detected evidence of denuded areas and bone surface areas, bone
marrow lesions, and meniscal derangement, predominantly in the
lateral tibiofemoral compartment127.
In a population-based cohort with knee pain, crepitus of the
knee joint was associated with MRI-detected pathology of the MCL
at the medial tibiofemoral compartment128. Another study by the
OAI investigators showed that knees with MRI-detected ACL ab-
normalities had a greater prevalence of, and more severe, cartilage,
meniscal, bone marrow, subchondral cysts, and MCL lesions
compared to knees with normal ACL129 (Fig. 4).
Ligamentous pathology in hand OA
A study using data from MRI and cadaveric histological analysis
showed that, in the small joints of the hand, collateral ligaments at
the distal and proximal interphalangeal joints seem to play a role in
the early stage of hand OA and may determine the early expression
of both the soft tissue and bony changes in the disease130.
Scoring methods for MRI evaluation of ligamentous injury in knee
OA
Available whole-organ scoring systems such as Whole-Organ
Magnetic Resonance Imaging Score (WORMS)16 and MRI Osteoar-
thritis Knee Score (MOAKS)19 do include grading schemes for
ligamentous pathology in knee OA, however they do not allow
detailed evaluation of individual ligaments (Table II). Other grading
schemes for ligamentous pathology itself, without whole-organ
approach have been used by different authors127,128,131. The Ante-
rior Cruciate Ligament OsteoArthritis Score (ACLOAS) has recently
been developed for MRI-based assessment of acute ACL injury and
follow-up of structural sequelae132. This scoring system includes
grading of collateral ligaments, PCL and ACL grafts, as well as
cartilage, bone marrow lesions, osteophytes, meniscal pathology
and Hoffa- and effusion-synovitis, enabling the whole-organ
analysis of the knee joint with detailed individual assessment of
aforementioned ligaments. While this scoring system appears to
allow reliable scoring of acute ACL injury and longitudinal changes,
it remains to be validated by future studies.
Scoring methods for MRI evaluation of ligamentous injury in hand
OA
OHOA-MRI48, which was described earlier in the synovitis sec-
tion, also includes evaluation for collateral ligaments of the small
joints of the hand (Table II). However, a more recent HOAMRIS50, a
product of iterative development based on OHOA-MRI, eliminated
the grading scheme for collateral ligaments. Thus, investigators
Fig. 4. ACL degeneration as part of the involvement of the entire joint in OA. The upper left image depicts a hypointense ACL of normal thickness (arrows) The lower left image
shows the same knee and emphasizes the bi-fasciculated structure of the ligament (arrowhead), which commonly exhibits a striated appearance on sagittal images. The upper right
image shows the same knee after 24 months. The ACL is now markedly hyperintense and thickened. The lower right sagittal intermediate-weighted fat-saturated image shows the
same knee and conﬁrms the hyperintense signal alterations and volume increase. This example represents mucoid degeneration of the ACL, which is difﬁcult to distinguish from
partial rupture based on imaging alone.
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OHOA-MRI.Imaging of other non-osteochondral tissues
Labrum of the hip
The hip labrum serves many functions, including shock ab-
sorption, joint lubrication, pressure distribution, and aiding in
stability133. Labral damages are associated with hip OA. They can be
caused by trauma, femoroacetabular impingement, capsular laxity/
hip hypermobility, developmental dysplasia of the hip, and
degeneration133 (Fig. 5). A small study involving 21 subjects
showed an association between MRI-detected labral damage and
radiographic hip joint space narrowing134. However, to date, the
longitudinal relationship between acetabular labral pathology and
development of hip OA is not well demonstrated in the literature.
Two comprehensive and generally applicable MRI-based semi-
quantitative scoring systems for hip labrum are available. One was
published by Neumann et al.135, and the other was developed by
Roemer et al. (HOAMS51). In Neumann et al.'s method, the hip
labrum is divided into four sections (anterior/posterior/medial/
lateral) and labral damage is graded 0e3. In HOAMS, the labrum is
assessed in the following locations: anterior on sagittal slice;
superolateral/posteromedial on coronal slice; and anterior/poste-
rior on axial slice. Severity of labral damage is also graded 0e3 in a
similar fashion. Neumann et al. used MR arthrographic images,while HOAMS assesses the labrum based on high-resolution PD-
weighted fat-saturated images without arthrogram. In HOAMS,
inter-reader agreement for the labral score was moderate (best
kappa 0.48), and correlation between the presence of high-grade
labral tears and pain approached signiﬁcance (P ¼ 0.09). The
study by Neumann et al. showed labral tears and cartilage loss are
common in patients with mechanical symptoms in the hip and that
cartilage loss and labral tears appear interrelated, implying that
labral tears may represent important risk factors for development
and progression of OA in the hip joint135.
Muscles of the hip
One recent study investigated the possible association between
hip ﬂexor muscles and the presence of labral pathology136.
Average muscle cross-sectional area (CSA) of the iliacus, psoas,
iliopsoas, sartorius, tensor fascia latae and rectus femoris muscles
were measured using MRI in subjects with hip labral pathology
and control subjects without such pathology. However, no differ-
ence between groups or sides was found for any hip ﬂexor muscle
size.
Muscles of the thigh
Three studies based on the data from OAI measured the
anatomic cross-sectional area (ACSA) of the quadriceps, ham-
strings, adductors, and individual quadriceps heads at consistent
Fig. 5. Example of a labral lesion in early hip OA. Sagittal proton-density fat-saturated
MRI exhibits a subtle anterior labral tear (arrow). Note diffuse superﬁcial cartilage loss
at the posterior circumference (arrowhead). Acetabular cartilage cannot be distin-
guished from the femoral cartilage surface, which is commonly the case whenever
there is no joint ﬂuid distending the two opposing surfaces.
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graphic knee OA137e139. These studies demonstrated that knees
with frequent pain have lower ACSAs of the quadriceps (but not of
the other thigh muscles) compared with contralateral knees
without pain at the same radiographic stage138. Nonetheless, the
ACSAs of the quadriceps and other thigh muscles are not inde-
pendently associated with the degree of joint space narrowing
once knees have reached the point of frequent pain137. As a
marker of structural progression, the ACSA of the quadriceps
seems to be more sensitive to longitudinal change than isometric
extensor strength139. Quadriceps intra-muscular fat fractions
measured by MRI were shown to be higher in people with knee
OA and were related to the symptomatic and structural severity of
knee OA, including MRI-detected cartilage and meniscal le-
sions140. In this study, in contrast to the aforementioned OAI-
based studies, there was no association shown between quadri-
ceps area and symptomatic and structural severity of knee OA.
There is an ongoing non-pharmacologic intervention trial to
determine whether combining greater duration with high-
intensity strength training will alter thigh muscle composition
sufﬁciently to attain short-term clinical beneﬁts as well as long-
term reductions in knee pain levels and slowing of OA progres-
sion141. In this trial, investigators measure the total thigh muscle
and fat volume by CT.Plica of the knee
Hayashi et al. demonstrated that MRI-detected mediopatellar
plicae were commonly observed in a cohort of subjects with knee
pain and that mediopatellar plicae were cross-sectionally associ-
ated with higher likelihood of the presence of MRI-detected medial
patellar cartilage damage (adjusted odds ratio 2.12 with 95%CI
1.23e3.64)142. This ﬁnding is concordant with a recentimmunohistochemical study that found a higher expression of
matrix metalloproteinasesda biomarker for the cartilage extra-
cellular matrix degradation in OAdin the mediopatellar plica of
knees with end-stage OA and severe cartilage damage, compared to
the kneeswith normal cartilage143. However, a longitudinal study is
needed to determine whether the presence of mediopatellar plica
itself is an independent risk factor for future cartilage damage in
the medial patellofemoral joint.
Conclusion
MRI and ultrasound are currently the most useful imaging
modalities for evaluation of non-osteochondral tissues in OA. MRI
evaluation of any tissue requires the appropriate MR pulse se-
quences. Meniscal damage is a frequent ﬁnding on MRI in knees
with or without OA, and meniscal tears can lead to incident and
progressive knee OA. Synovitis is best assessed using CE-MRI and is
associated with pain in OA. Ultrasound may be particularly useful
for evaluation of small joints of the hand. While cartilage remains a
major focus of OA studies, research efforts addressing non-
osteochondral tissues described in this article should continue
since these features play an integral part in the OA disease process.
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